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ONTHE DEVELOPMENTOP VIVIPAROUS OSSEOUSPISHES.

By jrOHlV A. IRITDER.

INTRODUCTORY.

The following paper is intended to give a summary of our knowledge

respecting the best known of the truly viviparous osseous fishes char-

acterized by an intrafoUicular or intraovarian development. The only

memoirs of importance which have not been consulted in the prepara-

tion of this series of notes is that by Rathke,* on Zoarces vivi^arus, and

that by Duvernoy on Pcecilia surinamensis, which is cited at another

place.

The preliminary notice published by me on the development of Gam-

l)usia appeared nearly four years ago, and left the subject in a very

incomplete state. What is here added on the anatomy of the embryos

and the follicles may, I trust, be of interest to morphologists.

The new observations here recorded on the changes undergone by

the embryos of the Ebiotocoids during gestation, relate to the devel-

opment of the intestine and the vascular supply of the median fins,

both of these organs also undergoing other changes which have appeared

to the writer to have considerable significance.

Some apology may be necessary for the long extracts which I have

incorporated from the paper by Professor Wymanand Dr. Girard's re-

port, but I think the student who wishes to be spared the vexatious

task of finding and consulting authorities will be rather gratified than

'Otherwise to find the American contributions to the subject thus brought

together.

I.— The development of Anableps.

Wyman's memoir t on Anableps contains such valuable observations

and reflections on the viviparity of fishes that I will here reproduce the

most important parts of his paper entire, as follows :

" Extended observations have proved that a large number of species

of fishes, belonging to many genera, are truly viviparous, the foetus

passing through a real gestation by the parent before its development

is complete. These viviparous fishes may be divided into two groups,

according to the position occupied by the embryo during the period of

its growth.

"I. In the first group may be arranged those fishes in which the

* Bikliings- und Eutwickeluugsgeschicbte des Bleunius viviparus oderdes Scbleim-

liscbes. Abbaudl. zur Eutwickelungsgeschiclite. Zweiter Tbeil, Erste Abb.,pp. 1-68

)d.s. 5, 4to, Leipsic, 1833.

t Observatious ou tbe developmeut of Anableps Groncvii (Cuv. & VaL). By Jeffries

Wyiuau, M. D., Boat. Jouiii. Nat. Hist, vi, 1850-57, pp. 432-443, pb xvii.
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ovum leaves the ovary in an undeveloped state, and in which the process of
evolution is 7iot commenced until it reaches the lower portion of the oviduct.

The species which this group comjnises are nearly all, if not all, Pla-

giostomes. The best known are Spinax, Carcharias, 31ustelus, Galeus,

and Torpedo. Although they are usually classified among the lowest

of fishes, it is in some of them that the process of reproducti»« be-

comes most nearly analogous to that of the highest Vertebrates. Kot
only does the yelk reach proportions like the yelk of birds, but the

yelk-sac itself plays the part of an allantois and forms an organ analo-

gous to a placenta. In Spinax. the vessels on the surface of the vitel-

line sac are brought into close contact with the highly-vascular folds

which line the oviducts. But in Carcharias, as Miiller has demonstrated

in his memoir on the subject, not only is there an approximation of the

foetal and maternal vessels, but the surfaces of the yelk-sac and of the

oviduct are both deeply convoluted, and the projections of the one are

admitted into and embraced by the concavities of the other, and the

opposing surfaces become adherent even. In both Spinax and Car-

charias the necessary conditions exist for the reaction of maternal

and foetal blood upon each other, as in the case in the mammalia, but

to a much more limited extent.*

"II. In the second group those fishes are comprised in which the ges-

tation is either wholly or in part ovarian, the last stages only of the i3ro-

cess usually occurring in the oviduct. Among the genera included in

this division are Silurus,\ Blennius,\Anahleps,\ Pcecilia^W ixwAEmhiotoca.^

In all of these genera impregnation takes place in the ovary, and, as

seems probable, while the ovum is still invested with its original envel-

opes. In Bleuny, Eathke has shown, the ovarian gestation having con-

tinued about three weeks, that about the end of September the sac rup-

tures, and that the embryo is discharged into the central cavity of the

ovary, which is in fact the oviduct ; here the foetus remains till the be-

ginning of January, when it is born. In Pcecilia the foetus is liberated

and escapes into the oviduct towards the end of gestation. Valenciennes

has given several details in relation to the development of Ana&ieps

Gronovii, made for the most part upon specimens in an advanced stage

of foetation, the smallest embryo being more, than an inch long. He

* Dr. John Davy lias sliown that in Torpedo the embryo is nourished at the expense

of materials furnished by the parent, since the mature foetus weighs more than twice

as much as the egfr at the time development commenced. Philos. Trans., 1834. On
the Development of the Torjjedo.

tCuvier et Valenciennes, Hist. Nat. des Poissons, t. i., p. 540, 1828.

t Rathk6, Mem. sur la Develop, de I'Homme et des Animaux, 2™^ partie, Leipsic, 1833.

^ Cuv. and Valenciennes, Hist. Nat. des Poissons, t. xviii, p. 245, Paris, 1846.

IIDuvernoy, Ann. des Sc. Nat., t. i,3«, ser., p. 313, 1844.

U Agassiz, Am. Journ. of Science, xvi, 2d ser., Nov., 1853.

Proc. Nat. Mus. 85 9
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fouDcl only seven or eight foetuses iu tbe so called uterus of each female,

and each of the young was surrounded by a distinct sac, which he re-

gards as simply an enlargement of the original envelope of the ovum.

The mature fcetus he found to be more than one-fourth as long as the

parent, and except for the non-development of the ovary was constituted

in every respect like the adult, as regards both its internal and external

structure.

" For the specimens of Anahleps Gronovii upon which the following ob-

servations were made, I am indebted to the liberality of Dr. Francis W.
Cragin, United States consul at Paramaribo, in Surinam. Amongthem

were three males and five females, four of which last were in difierent

stages of gestation. The difierent individuals varied from 3^ to 9.J

inches in length, the females being much longer than the males.

"I. The smallest female measured 3 J inches in length, but on careful

examination no traces of an ovary were discovered ; its development did

not appear to have commenced as yet.

"II. The next specimen measured 7 inches in length and the ovary

was in a state of gestation ; the foetuses, four or five in number, meas-

ured but five-eighths of an inch. The ovary appeared single externally
;

was invested with peritoneum, which was supported by a more firm but

thin membrane of condensed areolar tissue ; on cutting through this the

interior was found filled with sacs corresponding in number to the foe-

tuses and united to each other and the ovarian walls by a very loose

areolar tissue. They had no communication of any kind with each

other. With the aid of the poiut of a needle the sacs were easilj^ de-

tached and removed entire with the inclosed foetus ; the envelope was

much larger than was necessary to hold the embryo, and the space be-

tween the two was filled with a fluid, a portion of which (albumen ?) had

been coagulated by the action of the alcohol. In each instance it was

ascertained that the young had no connection whatever, vascular or

otherwise, with the walls of the sac which inclosed it.

" The external characters of the embryo even at this early stage, as

regards its general form and the fins, resemble those of the adult ; but

no longitudinal black bands were yet visible on the sides; the eye had

not acquired the prominence of that of the adult, the cornea was not

divided by a transverse band, and the pupil existed in the form of an

oval, with its long diameter iu a vertical direction, but the sides of the

iris had just commenced' extending towards the center in order to form

the two lamina?, which in the adult give the pupil its singular shape.

The umbilical sac forms a spheroidal mass about one-fourth of an inch

in diameter, and is sutflciently transparent to allow the folds of the in-

testine which fill it to be visible. Externally the sac is covered with

what appear to be parallel projecting lines, extending from the sides of

the abdomen to its most prominent part. These A^alenciennes describes

as 'vascular striae' {stries vasculiformes).* Such was not the nature of

* Op. cit., ex t'ol. de plaache, 539.
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these markings iu the specimens which I examined ; but, when iihiced

under the microscope, were found to form a peculiar structure, which

possibly may have some connection with the process of nutrition in their

peculiar mode of gestation.

" The sac itself seemed nearly homogeneous in structure, but the striae

are made up of spherical, or in some cases pyriform or cylindrical,

papillae or villi, projecting from the surface and arranged so nearly

together in a linear series as to give the appearance of a continuous

band. In regard to the minute structure of these pai^illae, as far as it

could be determined from an alcoholic specimen, they consist externally

of an exceedingly thin membrane, inclosing a vast number of minute

granules; no vessels were seen in connection with them nor in the mem-
brane to which they were attached. There was no appearance of any
communication between the cavity of the papilla and that of the mem-
brane to which it was attached. Within the latter, but more nearly in

contact with the intestines, there was a second more delicate membrane,
which seemed to be a continuation of the parietal peritoneum. No
traces of the yelk were found iu connection with the intestines.

" III. The third specimen is much longer and measures 10 inches in

length ; the ovary had been ruptured, so that some of the foetuses had
escaped into the cavity of the abdomen, but the whole number of young
taken from the parent was much greater than iu the preceding case,

namely, eighteen ; one of these was projecting from the ge^iital opening.

The}^ generally resembled the preceding except in size, though the eyes

had become more prominent, and the iris now exhibited its lateral pro-

jections sufficiently developed to give the pupil the shape of a dumb-
bell. The umbilical sac has become much larger than in the embryos
first described, and measures three-eighths of an inch in diameter. The
papillte of the yelk-sac are much more distinct, and contain colored

granules. The yelk-sac communicates with the cavity of the abdomen
by a long fissure extending from a point just behind the union of the

opercula nearly as far as the anal opening, consequently beyond the ven-

tral fins. It is from the circumstance just mentioned, doubtless, that

an explanation is to be found of the non-union of the ventrals in the

adult. The scales terminate abruptly at the edge of the fissure. The
intestine, as in the first described embryos, were invested by the internal

sac, which was regarded as parietal peritoneum. No bands were visible

on the flanks of the body, nor were the anal fins yet modified to mark
the sexes. A rudimentary liver is visible in these specimens, extending

backwards on the left side of the intestinal mass. The intestinal canal

is of almost uuiibrm size throughout,^ there being no distinction between

intestine and stomach.

" IV. This specimen measured a little less than 10 inches in length, but

the embryos were of much larger size, having a length of 2^ inches

;

the umbilical sac had disappeared, but the fissure on the under side of

the abdomen still remained, and, what seems quite remarkable, had
grown in dimensions just in proportion to the entire foetus, so that in
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these specimeus it measured 1 iucb iu length, aud was consequently

longer than the whole embryo of the first specimen noticed above. The
edges of the fissure were united by the intermedium of a thin membrane,
without scales, on which no papillas were noticed, and was sufficiently

lax to allow the edges of the fissure to separate from each other to a

slight extent. The transverse baud upon the cornea was now distinct,

though it had not yet become as opaque as in the adult.

" Seven foetuses were found in the ovary ; on the sides of them one or

two dark longitudinal 1 nes were now visible; the general form of the

body had assumed more precisely that of the adult, and, as noticed by

Valenciennes, the intestines had obtained their permanent form. The
external sexual characters were not visible in any of the specimens ex-

amined, though they were seen and figured iu specimeus of about the

same size by Valenciennes.

''All of the foetuses of this female had escaped from their original

sacs (no traces of which were now visible) and were all contained in one

large cavity formed by the dilated ovary which now had become analo

gous to an uterus and extended from the genital opening as far forwards

as the bases of the pectoral fins. The walls of this ovarian sac were suf-

ficiently thin to allow the foetuses to be seen through them. On its in-

ner surface, as well as ou that of some of the other specimens, were to

be seen numerous immature ova, some of them microscopic and others

as large as the sixteenth of an inch in diameter. The co-existence of

immature ova on the walls of the ovarian canity with foetuses in it cor-

responds with wjiat was noticed by Duvernoy in his investigations of

the embrj'ology of Poecilia.* The more minute ovarian eggs, though

for a long time macerated in alcohol, yet preserved their microscopic

characters to a remarkable degree. The smallest consisted of a cell, in

the center of which a nucleus was visible, and around this last were a

few granules. In the larger ova the granules have become more and

more abundant, and in some instances obscure the nucleus or germ-cell.

After the egg has increased to a certain size, a clear space appears ex-

terior to the vitelline membrane, which gradually increases to nearly

twice the diameter of the egg itself. This clear space is limited by the

substance of the stroma, which becomes condensed around it and thus

forms a distinct sac. If the ovum be compared to that of a mammal,
then the sac just described may be said to be analogous to a Graafian

vesicle ; that is, the egg of the fish floats free in a sac much larger than

itself, just as the mammiferous egg does in the vesicle of De Graaf.

There were no intermediate conditions between this and the impreg-

nated condition to enable me to determine whether or not it is this sac

which foimed the external covering of the foetus. Valenciennes seems

to adopt the idea that it does, and compares it to a chorion.! If this view

* Sur la tleveloppemeut de la Poecilia snrinamensis, Ann. des Sci, Naturelles, 3« ser.,

i, p. 313, 1814.

tLa cellule qui contieot un oeuf f6cond6 s'aggrandit et finit par former uno 8orte

de chorion. Ojj. cit., t. xviii, p. 261.
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of its nature be true, then there seems no alternative, since develop-

ment advances so far before the sac ruptures, but to suppose that im-

pregnation must take phice through its parietes and that the sperma-

tozoon cannot enter bodily into the substance or even come in direct

contact with the vitelline membrane of the egg except through the walls

of its outer covering, which is not probable. It would seem that it must

act simply by its presence on the surface of the egg-sac or by anendos-

mosis of its Huid contents through the membranes by which the ovum
is invested.*

"A microscopic examination of the egg-sacs in the advanced foetuses

proves conclusively that they do not consist of loose areolar tissue only,

as stated by Valenciennes,! but that while the tissue in question forms

the basis of them, they are in reality highly vascular, large trunks and

minute ramifications of vessels being easily traced by the aid of the

coagulated blood which they contain.

" In comparing fcetuses of different stages of development together,

a very interesting question is i^resented to us in connection with their

growth. In the smallest si)ecimen examined, the yelk was no longer

visible; it had been wholly consumed in supplying materials for the for-

mation of the embryo; and yet subsequent to this disappearance of the

yelk, the embryo, while still in its ovarian sac and cut oft" from all ex-

ternal communicatioQ, continues to increase in size, and grows until it

acquires the length of an inch and a quarter, which gives the size of

the longest foetus which our specimens furnished. Even the umbilical

sac and the fissure which succeeds it continue to grow after the yelk

has disappeared. As a general rule among oviparous fishes, the yelk

supplies all the material required for the growth of the foetus; and the

same holds good with regard to nearly all Batrachians,]: to seal}' rep-

tiles and birds. So general has this rule been believed to be, that none

but mammals have been supposed to contribute anything beyond the

materials of the egg to the support of the young. But recent observa-

tions go to prove that some fishes, such as the Torpedo among the

Plagiostomes, the Embiotoca among osseous fishes, are to be jilaced iu

the same category as mammals, in relation to the fact of being nourished

b}' the parent during gestation, although neither a i)lacenta is formed nor

does any direct vascular communication whatever exist between the

foetus and the maternal circulation. Wecannot explain the growth of

the foetal Anableps by any other hypothesis than that it is nourished by

a fluid secreted by the walls of the sac in which it is lodged in the

earlier stages, or by the parietes of the general ovarian cavity in which

the foetuses are received towards the end of gestation. The high de-

gree of vascularity of the egg-sac is favorable to this supposition. As

[*See description below of the follicular pore in Gambusia.!;

tO^x cj<., p. 261.

t The only exception among Batrachiaus, as yet noticed, is found in the Pipie of

South A.uierica. See Observations on Pipa Americana, by Jeffries Wyman, M. D., in

American Journal of Scieucej 2d series, vol. xvii, p. 369.
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the body of the foetus at a very early period becomes covered with scales,

absorption could only take place through the intestinal canal or by the

surface of the yelk-sac, which invests the viscera and increases in size

for a long period after the yelk itself has wholly disappeared. In the

later stages of gestation even the yelk-sac is out of the question, since

it in turn wholly disappears, while the foetus occupies the general cav-

ity of the ovary."

Great interest attaches to the peculiar development of the rows of

papill* on the empty yelk-bag of AnabJeps as described above by Wy-

man. Its continued growth with the growth of the foetus up to a cer-

tain stage of advancement is also remarkable ; in fact, so far as yet

known, it is unique amongst osseous fishes. The peculiar character of

the villi on the yelk-bag remind one somewhat of what has been ob-

served by Osborn in the structure of yelk sac of the uterine fcetus of

DideJphys, and by Owen in Macropus, in which the foetal membranes

fitted into uterine furrows, but were not adherent to the uterus and

without villi. This structure in Anableps also reminds one of the hol-

low villi developed in certain mammalian blastodermic vesicles de-

scribed by Bischoff. It is therefore unfortunate that Professor Wyraan

was not in a position to describe the minute histological structure of

this abdominal sac in the foetus of Anahleps more fully, so that a more

exact comparison could have been instituted between jt and the yelk-

bag or inferior pole of the blastodermic vesicle of the Marsupialia. A
knowledge of the embryonic layers which enter into the formation of

the yelk-bag of Anableps would also be a desideratum.

The extension downwards of the intestine of the embryo oi Anableps

into the empty yelk-bag is also interesting and reminds one somewhat

of the peculiar i)rotrusion of the hind-gut of Embiotocoid embryos into

an inferior saccular diverticulum of the back part of the abdomen,

which is obviously not homologous, however, with the globular, bag-

like structure seen in the former.

Wymandoes not state whether he examined the surfaces of the ova-

rian membranes In the earliest stages of development of the papulifer-

ous sac to see if they did not present pits or crypts into which the

papilliie may have fitted. These papilla) are obviously in some way con-

nected either with the respiration of the foetal Anableps or with its nu-

trition in the same way as are the marginal lobes of the fins of the foetal

Embiotocoids.

II.

—

The development of the Vivipahous Surf-perches or Em-

BIOTOCID^ OF THE PACIFIC COAST.

Dr. Girard* states that the discovery that these fishes were vivipa-

rous was made in May, 1853, in San Diego Bay, California, by Dr.

Thomas IT. Webb, whose manuscript journal is quoted by Girard.

'Explorations and Surveys for a Railroad from the Mississippi River to the Pacific

Ocean. IV. Fishes. 4to. Washington, IS'jB.
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The followiDg observations of bis owu bare been put upon record in

the latter's report, cited below ; but it is evident that be overlooked

the pecubar vascular lobes appended to the vertical fins of tbe embryos
noticed by Blake, and also drew some erroneous inferences as to the

identity of the yelk-sac, which will be noticed later. From pages 165

to IGG, inclusive, of Girard's report the following i^aragraphs are

quoted

:

"But the most remarkable trait in the organization of the fishes of

this family consist in the mode of reproduction. The eggs, instead of

being laid, as is the case in most fishes, are retained within the body of

the female, where they undergo not only their embryonic growth, but

likewise a growth which might be termed larval, it being subsequent

to their escaping from the egg envelope, until they have attained a

size sometimes of several inches in total length. Nevertheless this

peculiarity of habit is not altogether without analogy in the class of

fishes. Moreover it bears no resemblance whatever to the marsupia-

lian gestation; in the first place the eggs develop in the ovary, not in

a uterus, and there is no placental connection of any sort; secondly,

the young are not at liberty to quit and enter the ovarian cavities alter-

nately and at i^leasure.

" The observations which we have made upon the genital apparatus

of the female have satisfied us that there exists an ovarian sheath or

sac, whicli during the early period of pregnancy is an elongated and
subcylindrical tube, containing the ovaries proper, two in number,

each of which consist of two, three, or more vascular membranes, at-

tached by their upper edges to the upper floor or roof of the sheath,

forming either one or two pouches (according to the number of these

membranes) of the same length as the sheath itself, widely open be-

neath, though not in direct communication with one another, since the

membranes hang loosely down, reaching the lower floor of the sheath.

" The eggs are formed within the texture of the ovarian membranes
themselves. We have examined the ovaries of Unnichthys heermanni

and Einbiotoca argyrosoma when the sheath within which they were

contained was not larger than an ordinary quill. Numerous eggs could

be observed in a very immature state, appearing to the unarmed eye

like minute dots. Under the microscope tbey exhibited evident traces

of the germinal vesicle, surrounded as yet with a very scanty supply of

vitelline substance.

" The sheath and the ovaries are gradually increasing in bulk, as

the eggs themselves first increase in size and the embryos afterwards.

The sheath is chiefly a muscular membrane, while the ovaries, we have

stated, are altogether vascular.

" When mature the eggs either fall into the space between the mem-
branes or ovarian pouches, or else remain attached to the ovaries until

the embryos issue out of them. We are inclined to think that they

dro]) into the pouches as eggs. At any rate we found very young em-
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bryos loosely contained in the ovarian pouches when no trace of the egg-

membrane could be seen within the tissues of the ovniies in the shape

of a corpus luteum or a Graafian vesicle. Whatever be the case, numerous

eggs or embryos may be observed within one pouch. The young thus

remain together until grown to a considerable size, when, filling up the

space in a more compact manner, the ovarian membranes, in their

nature very expansive, will extend a fold between each embryo. In

this manner every individual young, when removed sideways from the

ovary, appears to the operator as though inclosed in a separate cavity,

pouch, or follicle of the ovary, whilst in reality the membranes may be

stretched out or extended, and the entire progeny loosened from all

adherence or connection with them.

"The male organs of generation consist of two spermaries, aright

and a left, perfectly independent from one another, having each its sep-

arate duct, discharging their contents into an elongated cloaca, into

which the bladder likewise empties its contents. This cloaca commu-

nicates with the exterior by a subcircular opening, the edge of which

is rather protruding. Such is that apparatus, the isame in its general

structure as in the other osseous fishes. There is no sheath inclosing

the two spermaries, and this fact throws considerable light upon the

morphology of the ovaries ; the latter being, in fact, two in number, but

so closely connected together as to simulate a single orgau. Thus the

general disposition, not the plan of structure, of these organs is adapted

to the mode of reproduction ; a single sheath being a more simple

adaptation than two, one for each ovary.

" How the mechanical act of fecundation takes place we are not pre-

pared to say from direct observations ; the eggs themselves must be

fecundated within the ovarian sheath ; a copulation of some sort is,

therefore, required, and it is not improbable that at this period the

eggs have dropped from the ovarian membranes into the pouches or

spaces between these membranes in which they are freely floating."

Then follow some observations on the development of the embryos

which are to a great extent erroneous, the " abdominal bag," alluded

to as the yelksac, being probably the same as what I have determined

to be the greatly hypertrophied hind-gut which protrudes from the ven-

tral aspect of the body of the embryos. The cleft of the mouth, it is also

stated, is not apparent at the time the fins began to grow out. This is

also to be seriously doubted, and is a statement which probably rests

upon defective observation, as I find the vent to be perforate at the time

the embryos are an inch in length.

Farther on Dr. Girard, speaking of the embryos of Ditremajachsoni,

six to seven tenths of an inch long, " The yelk-bag was still to be ob-

served in the shape of a hernia under the abdomen."

In Emhiotoca persjncabilis, Girard states, op. cit., page 179, that " a

female on being opened was found to contain about eighty young of

an average size of half an inch, the whole embryo consisting of cells
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with no signs of the mouth. A layer of bhick pigmeiitum constituted

the eye. Membranous ridges above and below showed the first steps

in the formation of fins. The caudal itself was a mere membranous ex-

pansion of the cellular substance of the body. As such, the embryos

had made their escape from the eggs."

Under Phanerodon furcatus^ page 185, Girard again mistakes the pro-

truding hind part of the intestine for a yelk-bag. On page 11)5, in em-

bryos of Holconoius rhodoterus, from three-quarters to an inch in length,

he speaks of this part of the intestine as " a vitelline abdominal sac."

An examination of the figures of the Immature ovarian ova of Embio

tocoids has served to convince me that those figured by Dr. Girard were

very far from mature, and can give us but a slight conception of what

they are like when ripe, because he represents the germinative vesicle

as still cential. ^ The general rule that the nucleus breaks up aud leads

to the formation of a new nuclear center in an eccentric position in the

egg will probably be found to hold in the Embiotocoids as in otlu-r fishes.*

As Girard states, 1 find them embedded in the substance of the thick

membranes which depend from the roof of the ovarian cavity.

The youngest foitus figured by Girard is also pretty -well advanced,

all of the vertical fins being already defined. The comparison also of

these youngest foetuses hitherto figured with some somewhat older

which I have had the opportunity to investigate, leads me to believe

that the former were much farther advanced than was supposed by that

author. His figures of the foetuses are poor, and give a very imperfect

idea of what it must actually have been possible to see. His statement

that the mouth 'was still closed I am also inclined to doubt, while his

observations on the development of the eye are simjjly calculated to

force a smile. He has clearly mistaken the protruding and hypertro-

phied hind-gut in all of his figures for a yelk-bag, the latter having prob-

ably vanished long before, and at a point somewhat in advance of what

he regards as the yelk.

III.— The hypertrophied iiind-gut of Embiotocoid embryos
AND ITS SUBSEQUENTDIMINUTION IN RELATIVE SIZE.

The hypertrophied hind-gut of Embiotocoid embryos which protudes

into a sac-like downward projection of the abdominal profile is the

most important of the embryonic visceral organs. Upon opening the

abdominal cavity it is found that it fills up fully two-thirds of the lat-

ter, and that its dimensions, especially the transverse diameter of the

gut, is far greater than the portion of the canal which subsequently be-

comes the stomach. Upon cutting this swollen hind-gut open its walls

are found to be thickly clothed with crowded villi of the most extraor-

dinary length, many being entangled together at their tips, and much

* See the law of nuclear displacement and its significance in embryology, Science,

i, 18^3, pp. 277, 278.
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bent. If extended some of these villi would more than reach across the

lumen of the intestine. This is their condition in the foetuses of several

species of Embiotocoids examined by me ranging from 1 to l^ inches

in total length.

As development proceeds the gut begins to assume its normal dimen-

sions posteriorly. It becomes narrower, and the sigmoid turn or flexures

of the intestine more pronounced. The villi also diminish in length,

and become far less numerous in foetuses If inches long. At this stage,

also, the projection of the rectum below the abdominal profile becomes

less marked, and in fact is scarcely apparent.

^In the adults the posterior part of the intestinal canal exhibits no

such dilatation and dense internal garniture of villi as is seen in the

foetus ; iu fact,*the hind-gut of the fully-grown fishes presents nothing

unusual when compared with that of the usual type.

It is therefore obvious that this hypertroj)hy of the hind-gut and re-

markable development of elongated villi in the embryos of the surf-

perches has some important function to subserve during foetal life. As
suggested at another place, that function seems to be digestive; and

as it is not at all improbable that the fluids secreted by the walls of the

ovarian sac are nutritive; it seems likely that the foetal fishes swallow

such nutriment while still in the ovary. If Dr. Blake is correct iu stat-

ing that the ovarian duct is occluded by a mucous or membranous
plug during gestation, this interpretation of the function of the gut of

the embryo would seem all the more likely to be the correct one.

IV.

—

The intra-ovaeian respiratory function of the verti-

cal FINS OF EmBIOTOCOIDFISH EMBRYOS.

Two papers on the intra-ovarian gestation of the embryos of the Em-
biotocidre, Holconoti, or surf-perches of the Pacific coast have been pub-

lished by Dr. James Blake,* in the first of which the singular vascular

lobes extending beyond the rays of the vertical fins, as productions of

the inter-radial membranes, are for the first time described and figured.

I reproduce the following from Dr. Blake's second paper, as it will

serve to indicate the extent of his contributions to the subject under

consideration

:

v

" The manner in which the young of the Embiotocoid fishes is nour-

ished until it escapes from the ovary has not, that I am aware, been

satisfactorily explained. In this class of fishes the young remain in the

ovary until they are apparently as perfect as the adult fish. As during

the process of gestation the ovary is cut off" from all communication

with the water, the external orifice being sealed up by a dense layer of

epidermis or inspissated mucus, it is evident that the foetal fish must

* 1. On the nourishment of the foetus in the Embiotocoid fishes. Proc. Calif. Acad,

of Nat. Sci., iii, 1867, pp. 314-317, 3 figs, in text.

2. On the nourishment of the foetus in Embiotocoid fishes. Journ. Anat. and Phys-
iol, ii, 1868, pp. 280-282,
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receive tbe elements of its growth from the interior of the ovary, and
that it must be furuisbed with organs of absorption and respiration

suited to the medium in which it is developed. A large supply of nour-

ishment must evidently be required, as the ovary contains frequently

forty or fifty young fish, which, when fully developed, measure more
than 2 inches in length, and which together will weigh from one-twelfth

to one-sixteenth as much as the i)arent fish. The ovary consists of a
membranous bag partially divided at the upper (anterior) part, and
terminating below in a nanow canal, which, in some species, opens ex-

ternally in a cloaca common to it, and the urethra in others by a sepa-

rate opening situated between the anus and urethra. The sac has
three coats —a peritoneal, a muscular, and a mucous. The mucous
layer is thrown into a number of longitudinal folds, and on the inner

surface of the ovary the ova are found ; and as the fretal fish grows
these folds extend so that each ftetus is in contact by each of two sur-

faces with the mucous membrane. The organ is well supplied with

blood-vessels, an artery entering at each horn of the ovary. They arise

from the aorta immediately after the union of the branchial arteries, and
at the latter end of gestation each is larger than the descending aorta.

The posterior part of the uterus (ovary) also receives vessels from the

abdominal aorta. In the early stages of development the foetus is

embedded in a very tenacious secretion, which resembles para-albu-

men in that it can be drawn out into threads of a foot or 18 inches

long. As gestation advances the secretion of the ovary becomes more
fluid, and its quantity is increased so that as much as three drams
can be obtained from one ovary towards the end of gestation. It then

forms an opalescent fluid, specific gravity, 1.025 ; does not coagulate on
heating ; acetic acid throws down a white precipitate, mixed with equal

parts of distilled water, and filtered, it has no action on polarized

light; heated in an open vessel, a pellicle forms on the surface. It

probably contains some albumen-compound, fat, salt, phosphates, and
iron; but it has not been submitted to a careful analysis.* The foetus

during the earlier stages of its development goes through changes ap-

parently analogous to those which take place in the ova of oviparous

fishes, and it is not until the fins are formed that any departure from

the ordinary plan shows itself. As soon as the fins were well fortned

the dorsal, caudal, and ventral (anal). fins became edged with a delicate

membrane fortned apparently entirely of cai)illary blood-vessels. As
the foetus grows this membrane is split uj) into processes or digitat:ons,

which extend a considerable distance beyond the margin of the fin,

sometimes as much as a quarter of an inch. They retain the same
structure during the whole period of development, and are so extremely

* This fluid is usually expelled frora the ovary by the struggles of the fish wheu
taken from the water, so that it is extremely rare to find one in our market in -which

the membrane closing the orifice of the ovary has not been ruptured. This is proba-

bly' the reason that it has not been already noticed.
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delicate that I have been iiuable to detect them in any specimens pre-

served in alcohol. As soon as the young fish is expelled from the ovary

these processes rapidly diminish in size, and I have no doubt they

entirely disappear after a few hours. Their use is evidently to absorb

nourishment from the fluid in the ovary ; they also serve to aerate the

blood, for I have observed that on heating the fluid from the ovary, or

on mixing it with ether, there is an abundant escaj^e of gas. I think

these facts serve to explain the manner in which the fCBtus of the Em-
biotocoid fishes is nourished during its intra-ovarian development.

They have been frequently observed in the three varieties of this sort

of fish which are found in our waters."

Within a very recent period, through the kind ofiBces of Miss Rosa

Smith, of San Diego, Cal., I have been enabled to obtain some well-

I)reserved material for purposes of study, which, while it enables me to

add considerably to our knowledge of the development of these singu-

lar fishes, also impels me to differ to some extent from the conclusions

of Dr. Blake. Miss Smith, at no little trouble to herself, obtained for

me gravid females of AmphisticJius arenatiis, JHtrema jacJcsoni, and Mi-

cromeirns aggregaius. Unfortunately this material, as well as some in

addition which I have obtained through the kindness of Dr. Bean from

the collections of the National Museum, rei)resents only the more ad-

vanced stages of foetal development, so that I am unable to add anj--

thing to the very little which is known of the earliest stages of devel-

opment. Judging from the dates upon which the specimens collected

by Miss Smith were taken, it would seem probable that during the

months of October and November one would probably find the earlier

stages which are so desirable in order to clear up what must evidently

be a most interesting chapter in vertebrate embryology.

The most striking characteristic of the fcetal surf-perches, as they lie

in the ovarian sac of the parent fish, is the exaggerated development

of the vertical or median fins, all of which combined present a lateral

area almost or quite as great as the united areas of the side of the

head, body, and tail. These fins present an exaggerated length and

height nowhere approached by the adults, and not exceeded in respect

to the width and relative length of the caudal fin by any fishes except

perhaps some of the domesticated Japanese breeds of Carassius, such

as the Kin-yi-ko. This extension of the area of the vertical fins is still

further increased by the production of the interradial membrane into

thin, highly vascular processes or marginal digitations. These Dr.

Blake has already described, but he has not mentioned the very extra-

ordinary waj^ in which these structures acquire their blood-supply,

which is, so far as I am aware, unique amongst young fishes, though

faintly approximated by the arrangement of the blood-supply seen in

the enormously developed translucent caudal of the Kin-yi-ko, as 1 have

had the opportunity to observe in the living fish.

Description of the vascular supply of the yertical fins of Embiotocoid
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embryos will be necessary before it is possible to cotuprehend the meau-

ing and importance of the vascular digitations at the edges of those fins.

All of them receiv^e their blood-supply from the median aortic trunk.

The trunks given off to the dorsal tin traverse the median plane of

the body and tail, and pass up in a nearly straight direction to the base

of the dorsal, at irregular intervals of one, two, or even six muscular

segments. Upon reaching the base of the tins they subdivide into from

two to six branches, which pass up a little to one edge of the interradial

space, but give oft" smaller trunks along their entire course through the

interradial membrane, which is highly vascular. Continuing they pro-

ceed to the margin of the fin. They end in a flat sieve like capillary

mesh, which fills up almost the whole of the marginal lobes formed by

the prolonged interradial membranes. The tissue of the walls of the

vessels within these terminal interradial lobes seems to be mesoblastic,

but their external walls next the exterior seem to be mostly epidermic

and exceedingly thin, probably not more than three or four cells thick.

The capillary mesh is most complex and fiuest in the terminal lobes,

less so in the interradial sjiaces.

The digitations on the spinous portion of the dorsal are very feebly

developed, in fact scarcely apparent between the tips of the nine spines

of the spinous part of the dorsal of a foetus of Micrometrus aggregatus, a

species in which these spines develop, by the way, in a continuous fold,

and not in separate pockets or diverticula as in Lophius and Gasteros-

teus. * Four principal vessels supply the interradial and terminal capil-

lary meshes of the soft dorsal with blood. These four vessels pass in

an almost vertical direction from the aorta to the base of the fin, and

do not follow the curvatures of the intermuscular septa. No vessels

of unusual caliber pass to the spinous part of the dorsal.

The terminal or marginal interradial lobes of the anal of the foitus of

Micrometrus are twenty-six in number, or three in excess of the dorsal,

while the two spaces between the anterior spines of the anal are without

produced vascular lobes. Five principal vascular trunks pass verti-

cally downward to the base of the anal, where they subdivide and sup-

ply each of the interradial spaces. The marginal lobes of the anal and

dorsal are about alike in length and all have a marginal vessel circum-

scribing the capillary mesh at their edges. In this last respect they

are like the terminal lobes of the caudal, in which they are, however,

somewhat larger and longer.

From what has been said above it will be noticed by the reader that

the number of vascular trunks passing outward to the bases of the

vertical fins does not correspond to the number of rajs which they con-

tain. This fact indicates that this singular vascular supply of the ver.

tical fins of Embiotocoid embrj'os has attained great specialization and

must be of very great physiological importance.

This fact is rendered still more striking when we come to consider

the vascular supply of the caudal fin, which is quite unique so far as 1

* See Am. Naturalist, 1885, p. 415.
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am aware amongst existing tisb embryos. In tlie caudal, tbe pOvSterior

extremity of the aorta is prolonged backward, slightly bent upward, to

beyond the anterior ends of the rays where it divides into two branches,

a ventral and a dorsal one, each running nearly vertical to the axis of the

body along the base of the caudal. From their posterior sides these two
branches each give off about eleven or twelve secondary twigs which
run out along and between the rays through the interradial spaces to

supply the capillary mesh-work of the latter and the terminal lobes.

The membranous fold which is continued forward dorsally and veu-

trally from the base of the caudal, and which is a remnant of the con-

tinuous median tin-fold of an earlier stage, is also very vascular, but

gets its blood supply from vessels arising from the aorta in front of the

caudal. The foregoing is the arrangement of the vascular system of

the tins in foetuses about 1 inch in length. On comparing this stage of

Micrometrus with AmpMstiehns 1^ inches long, it was observed that the

vascular apparatus above described had already begun to diminish in

importance, and in the adults nothing could be found which exactly

represented it. The conclusion, therefore, is that like the vessels which

render the skin of the foetal Embiotocoid so highly vascular, this system

atrophies for the most ])art after having temporarily subserved some
important function.

The skin of the foetal Micrometrus was highly vascular, and it was

observed that special trunks passed outwards to the skin along the

sides, these vessels arising for the most part above the aorta from the

sides of the vessels which passed to the dorsal and the muscles of the

tail. The vascular network beneath the skin is remarkably well de-

fined and could obviously not be for the purpose of supplying the skin

alone with blood.

The complex and unique vascular apparatus of the vertical tins of

Embiotocoid tish embryos it seems to me to be mainly for the purpose

of effecting respiration through the skin, and not for the puri)0se of

absorbing nutriment from the ovarian space as Dr. Blake, has supposed.

My reason for entertaining such an opinion is the fact that the mouth
of the fcetus is now open and that the throat is perforate, and that the

back part of the intestinal canal is widened and clothed internally with

extraordinarily long and densely crowded villi. In fact this part of the

intestine has been hypertrophied in the foetus, and while there was no

food found by me in the alimentary canal, I cannot but believe that

this jjart of the intestine is already functional and subserves all of the

purposes of the alimentary apparatus of the adult, and that the al-

buminous substances secreted in the ovarian cavity are swallowed by

the fcetus, and finally digested by the peculiarly organized hind gut

which 1 have described. There is, therefore, it seems to me, nothing left

to do for the produced vascular membranes of the fins and the skin

except to aid the gills in respiration, the interchange of gases between

the parent and the ftetus taking place through the fluids contained in the

ovarian cavitv, and in much the same manner as in Gamhusia. The
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structure of the median fins of these embryos is such that, while their

marginal lobes somewhat resemble the foetal villi of the mammalian
placenta, they differ from the latter in not being received into maternal

crypts, which I diligently but vainly sought for on the surface of the

folds which depend from the dorsal wall of the ovary.

The vascular net-work of the ovary by which the maternal blood is

brought into indirect contact with the marginal lobes of the vertical

fins of the foetuses is derived from a strongly-developed pair of vessels

which enter the two anterior coruna of the ovarian sac. These give off

branches to the dorsal, thickened wall of the sac and others to the

pendent membranes which extend downwards from its roof, between
which the advanced foetuses are i^acked in a somewhat irregular

manner.

V.

—

The development and intrafollicular gestation of Gam-
BUSIA PATRUELIS.

During a temporary residence at Cherrystone, Va., in August, 1881,

my attention was directed by Col. M. McDonald to the existence of

a small Cypriuodont in the fresh-water streams of the vicinity. The
females were gravid, the ovaries of most consisting of twenty to twenty-

five yellowish eggs about one twelfth of an inch in diameter. This

species, which proved to be Gambusia imtruelis of Baird and Girard,

does not, as do most other tishes, commit its ova to the care of the ele-

ment in which it lives, but carries them about in the ovary, as do most
of the members of this family, where they are impregnated and where
they develop in a verj^ remarkable manner.

Of the manner of impregnation of the female we know very little ex-

cept from the observations of Mr. Duly, who has related to mewhat he
has noticed in the actions of the adults kept in aquaria in the National

Museum. I have appended Mr. Duly's observations at the end of this

paper.

In the adult male, which measures IJ of an inch in length, the anal

fin is strangely modified into an intromittent organ for the conveyance
of the milt into the ovary of the female ; a tubular organ a])pear8 to be
formed by three of the foremost anal rays, which are greatly prolonged
and united by a membrane. At the apex these rays are somewhat
curved toward each other, and thus form a blunt point, but the fore-

most one of the three rays is armed for its whole length with trans-

verse ridges, and with sharp recurved hooks at its tip, the other two at

their tips similarly with hooks, and between their tips are two small

fenestra or openings which possibly communicate directly with the

sperm duct from the testes. The basal interspiuous bones of the anal

fin are bound together by fibrous tissue into a cylindrical columnar
bony mass, truncated above, and is prolonged upwards from the in-

ferior abdominal parietes behind the anus into the cavity of the air-

bladder lor the distance of nearly the eiglith of an inch ; from the upper
truncated end and the posterior side of this column a series of fibrous
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bauds pass to the dorsal and posterior wall of the air-bladder, to be in-

serted in the median line. Whether this bony column serves to steady

the fin in the ace of copulatiou, or whether it serves to give passage to

the sperm duct are unsettled questions with the writer. The modified,

almost styliform, anal fin of the male measures a third of an inch in

length, or nearly one-third of the total length of the fish.* Other pecu-

liarities of the male are noticeable, for instance, the more abbreviated

air-bladder, which also occupies a more oblique position than in the

female. The most remarkable difference presented by the male as com-

pared with the female, however, is his inconsiderable weight, which is

only 160 milligrams, while that of the gravid female is 1,030 milli-

grams, or nearly six and one-half times the weight of the male, an

unusual difference in the relative sizes.of the two sexes amongst fishes.

The adult female, as already stated, is heavier than the male, and

measures 1^ inches in length. The liver lies for the most part on the

left side. The irftestine makes one complete coil or sigmoid flexure

upon itself in the anterior half of the body-cavity ; its posterior third

passes back along the floor of the abdominal cavity, and at the poste-

rior end of the latter the Wolffian ducts traverse it vertically, to be en-

larged near their outlets into a fusiform urinary bladder.

The ovary is a simple, unpaired orgaii, the greater part of which lies

on the right side of the body-cavity below the air-bladder, and serves

to fill up the greater jiart of the inferior moiety of the former when de-

veloped to maturity with its follicles gravid with embryos. The ova,

when full grown, are each enveloped in a sack or follicle supplied with

blood from a median vascular trunk, which divides and subdivides as it

traverses the ovary lengthwise in a manner similar to that of the stem

to which grapes in the bunch are attached. The arrangement of the

ova and their attachment to the median vascular rachis is well shown

in Fig. 11, Plate VIII, in which the immature ovarian eggs are also rep-

resented as small whitish bodies attached to the sides of the vessels.

In Fig. 10, Plate VIII, two of these immature ovarian ova are also shown

close to ihQ follicular pore of a follicle containing an advanced foetus.

Every fully-grown ovum, by means of the preceding arrangement, has

its own independent supply of blood from the arterial system of the

mother, the ovarian arterial trunk being a branch of the median dorsal

aorta. Each Q^g and egg-sac is thus supplied with materials for its

growth and maturation, the latter eventually becoming specialized into

a contrivance by which the lives of the developing embryos are main-

tained while undergoing development in their respective follicles. The

young or unripe eggs which are found together in the same ovary with

the dev^eloping foetuses are, as stated above, enveloped in a cellular and

fibrous stroma, which serves not only to strengthen the vessels, but

*Tlie anal fins of the males of closely allied species of Gamhusia and oi Linda, from

Cuba, are similarly modified, according to Prof. Felipe Poey, who has figured those

observed by him in his Memorias sobra la Hist. Nat. de la Isla de Cuba, i, pp.

382-387, pis. 31 aud 32. Habana, 1851.
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Vol. VIII, Wo. 10. IVashifi^ton, D. C. -^lay 35, 1885.

also afterwards enters into the structure of the walls of the ovarian

sacs or follicles externally, as these grow in size.

The immature ova measure from a hundredth to a fiftieth of an inch,

and enlarge to something more than a line in diameter, when they may
be said to be mature. The median vessel of the ovary extends back-

ward and slightly "downward, and arises very far forward in the roof of

the body-cavity from the dorsal aorta.

The ova after developing a little way are each inclosed in a follicle

or ovisac, memhrana granulosa of Von Baer, or memhrana cellulosa of

Coste. As the egg develops there seems to be a space gradually formed
about it in the same way as described by Wyman in Anahleps. This'

space is filled with fluid, and in this liquid, which increases in quantity

somewhat as development proceeds, the embryo Cyprinodont is con-

stantly bathed.

There is no trace whatever in the egg follicles of Gambusia of an inde-

pendent egg membrane^ such as is present in the ova of all known forms

of osseous fishes which spawn directly into the water, the egg mem-
brane or zona radiata of the latter, in all cases being perforated by a

minute pore or micropyle for the passage of the spermatozoa. The
condition in Gambusia raises the question whether the zona is not more
or less completely aborted, sooner or later, in all vivijjarous fishes.

Wyman, however, points out that a membrane exists, covering the

immature ovarian eggs of Anableps, and I find that the mature eggs of

Fu7idulus are provided with a strong zona radiata during the early

stages of» their intra-ovarian development ; how long it persists, how-

ever, has not been determined, as it is possible that it is disintegrated

and absorbed during the later stages of gestation. Eathke's descrii^tion

of the ovarian follicles of Zoarces agree in some respects pretty closely'"

with my account of the egg-follicles of Gambusia given farther on.

The narrow elongate stigma, devoid of vessels, on the follicle, spoken

of on page 4 of his memoir on Zoarces, probably corresponds to what
I have called the follicular pore. He has described a vascular net- work
in the follicle, a stalk joining it to the vascular rachis, and a space

around the yelk much as in Gambusia.

The zona radiata, or covering of the eggs of osseous fishes, is said to

be secreted from the cells lining the follicles, and is composed of a strong,

somewhat gelatinoid substance, and is usually, though not always, per-

forated all over by a vast number of extremely fine tubules, called joore

canals by tbeir discoverer, Johannes Mueller. In the yellow perch

(Percaflavescens), the zona radiata is well marked, but external to it

there is a highly elastic layer many times thicker, which is traversed

by what seem to be tubules, which are, however, much less numerous
than those of the true zona. In the ova of closely allied forms, such as

the white perch and r ck-fish or striped bass, this extra external envel-

Proc. Nat. Mus. 85 10
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Ope is wantiug. lu tlie ova of the Ganoids, Amia and Lepidosteus, the

zona IS composed, in the first instance, at least, of short, parallel, elastic

fibers disposed in a plane vertical to that of the membrane, these fibers

being fused at their ends or just below the inner and outer surfaces of

the membrane. Sections through the egg membrane of Lepidosteus seem

to indicate the same condition of things as in Amia, in fact, Dr. E. L.

Mark, of Cambridge, Mass., has kindly shown me drawings which show
the fibers of the zona of the former isolated in the same condition as I

have been able to separate those forming the egg-membrane of the

latter.

The egg-cases of the oviparous Plagiostomes have a different struct-

ure from the zona investing the ova of osseous fishes in that they

are fibrous in structure and of a horny consistency, the fibers running

in a direction parallel with the surfaces of the case. The ovoviviparous

forms, judging from the character of the eggcases of SqualuSj have the

walls of the case extremely thin, apparently to facilitate the interchange

of the gases needful in foetal respiration during development in the

oviducts.

The skate's eggs have two hollow processes at each end of the pecu-

liarly formed case, which are perforated at the sides and which afford

passajze for the water in and out of the case needful for the respiration

of the developing embryo. The egg-case of Meterodontus or Gyropleii-

rodus, a specimen of which has been sent me by Miss Eosa Smith, may
be compared to a skate's egg, which is narrower at one end than at the

other, but which has been molded into a spiral form during its forma-

tion in the oviduct, and which has traces at either end of openings

which are apparently homologous with those found in the latter.

The preceding data render it evident that there is a wide range of

variation in the character of the investments which cover the ova of

different species of fishes, and it is obvious that, while all of the various

forms are for the purpose of giving protection to the ovum, some of them

are modified to minister to the respiration of the embryo. In other cases

a modification of the membrane such as exists in the adherent ova of

Amiurus, may have still another function to subserve, viz, that of en-

abling the male parent to aerate the eggs without injury during his ap-

parently violent movements over them with his anal and ventral fins.

In Amiurus a double membrane invests the egg ; an outer highly

elastic one separated from the inner or true zona by a shallow space

filled with water, but attached to the latter by irregularly disposed

elastic i^illars of the same material as the outer envelope. The outer

enveloi)e is also very adhesive, so that the masses of ova in their elastic

investments may be repeatedly moved about or shaken up by the old

fish without injury or risk of detachment.

The variability of the egg-membranes of the class Pisces, as restricted

by Jordan, is rendered still more striking when the types with filamen-

tous appendages, such as Menidia, Belone, Exoca'tus, and Gobius, are

considered. No trace of such a structure existing as a covering for the
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egg of Gambusia, we are iu a positiou to ask the question why such an

unique condition of affairs should exist in this case. The answer, it

would appear, we need not go far to seek. In the case of eggs which

ordinarily hatch in the water it is necessary that they shouUl be sup-

plied with a covering more or less firm and capable of protecting the

contained embryo, which, in the case of Gamhusia, is not needed, be-

cause the embryo is developed so as to be quite competent to take care

of itself as a very well organized little fish when it leaves the body of

its parent. Nature will not w^aste her powers in an effort to make use-

less clothes for such of her children as do not need them ; on the con-

trary, she is constantly utilizing structures economically, and often so

as to serve more than one purpose at one and the same time.

The ovarian follicles of Gamhusia containing mature ova or foetuses

are built up internally of flat or squamous polygonal cells of pave-

ment epithelium, and externally of a net- work of multipolar, fibrous

connective tissue cells and minute capillar^' blood-vessels with cellular

walls, which radiate in all directions over the follicle. From the point

where the main arterial vessel enters it, this vessel, together with its

accompanying vein and investment of fibrous tissue, constitutes the

stalk by which the follicle and its contained naked ovum is suspended

to the main arterial trunk and vein. The minute structure of the fol-

licular membrane is shown in Fig. 14, Plate IX; the capillary system

of the follicles converges by way of the veinules which join the large

median ovarian vein which follows alongside the course of the ovarian

artery back to the heart. The very intricate mesh-work of fine vessels

which covers the follicle supplies the developing foitus with fresh oxy-

gen, and also serves to carry off" the carbonic dioxide iu much the same

way as the placenta or after-birth performs a similar duty for the young

mammal developing in the uterus of its parent. There is this differ-

ence, however, between the foetal fish and the foetal mammal : In the

former there is no uterus ; the development takes place in the follicle

in which the eggs have grown and matured; there is no placenta, but

respiration is effected by a follicular mesh-work of blood-vessels, and

the interchange of oxygen and carbonic dioxide takes place through

the intermediation at first of the fluid by which the embryo is sur-

rounded in its follicle, and later, when blood-vessels and gills have de-

veloped in the embryo (see Fig. 17, Plate IX), they, too, become acces-

sories to aid in the oxygenation of the blood of the foetus.

In the mammal, on the other hand, there is a uterus ; the egg must leave

its ovarian follicle ; be conveyed to the uterine cavity before a i^erfectly

normal development can begin ; there is a fully developed, richly vascular

placenta joined to the foetus, the villi or vascular loops of which are in-

sinuated between those developed on the maternal surface of the uterine

cavity. In both fish and mammal, however, the following general like-

ness remains, viz, that there is no immediate vascular connection be-

tween mother and embryo. In both the respiration of the embryo is

effected by the transpiration of gases through the intermediation of
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membraues and fluids, oxygen being constantly supplied and carbonic

dioxide carried oft" by means of a specialized portion of the blood-sys-

tem of the maternal organism-

There is still another character which distinguishes the development
of Oamhusia from that of the mammal. The body of the former is built

up by a gradual transformation or conversion of the substance of the

yelk into the various structures which make up its organization. In

other words, the young Gambusia obtains no nutrition from its parent

;

there is merely an incorporation bj' the embryo of the stored proto-

plasm of the yelk- sac. In the Eutherian mammal, on the other hand,

haijxl, the embryo receives nourishment through the placental apparatus;

by far the greatest proportion of the embryo being built up from the

protoplasm supplied and conveyed to it from the blood-system of the

parent. Judging from the large size of the young of some viviparous

fishes, such as those of Anableps and the Emhiotocidw, it is obvious that

there are exceptions to the method of development characteristic of

G(WiI)usia.

Besides the very intricate net-workof capillary vessels which covers the

follicles of the ovary of Gambusia, a large opening. Figs. 9, 10, 11, and 12

mp, Plate VIII, and Fig. 13, Plate IX, of a circular, though usually

more or less oval, form makes its appearance in the wall of each one at

or near the point of attachment of the vascular stalk by which they are

supported. This opening appears to increase in size a? the young fish

develops ; whether it is present during the earliest stages of the intra-

follicular development of the embryo I do not know, as I did not have
an opportunity to see those phases. A branch from the main nutritive

vessel frequently lies near the margin of the opening, curving around

it. Whether this opening serves the same purpose as the micropyle of

ova provided with a membrane would appear very probable, as it is

difficult to see in what other manner the milt, which is i>robably intro-

duced into the abdominal cavity by the male, could reach the ovum
through the wall of its follicle. The ovary itself seems to have no ex-

terior investment, so that the follicles lie directly within the abdominal

cavity, the young fishes uj^on the completion of their development rup-

ture them and escape into the latter, and from thence through an

abdominal pore into the outer world. The opening into the follicle

licle may be named the foUicidar pore. Through it the cavity in which

the embryo lies is brought in direct communication with the cavity of

the abdomen, because it is extremely doubtful if the ovary as a whole

is invested by a distinct membrane. If it is, its tenuity is extreme,

since the follicles when gravid are readily separable as if entirely un-

covered, or as if there were no external peritoneal investment reflected

over them.

The nearl}^ globular vitellus of the mature Q^g measures about a line

in diameter. The germinal protoplasm ])robably occupies a ]ieripheral

position covering the nutritive or vitelline portion of the Qgg as a con-

tinuous envelope with strands of germinal matter running from it down
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through the yelk substance. At the time of fertilizatiou it is probable

that the germinal matter is aggresated at one pole of the yelk. The
latter in Gamhusia is orange colored, and embedded between it and in

the periblast superficially are a great number of refringent oil globules

of small size.

The body of the young fish lies in a groove or furrow on the surface

of the yelk at about the time the tail is beginning to bud out, as shown
in Fig. 13, Plate IX, which represents the youngest stage of Gambu.sia

which I have been able to observe. The somites or segments of muscle

plates had been developed for some time, and the heart, brain, intes-

tine, and organs of sense were well defined.

The next stage observed was that represented in Fig. 1, Plate VI, figured

from the fresh embryo removed from its follicle.

The mouth is not yet well open and the pericardiac cavity seems to

have its anterior or inferior wall supported by the end of the snout.

The heart lies on the floor of this cavity on the yelk, with its venous end

directed downward and forward. The vitelline net- work of vessels arise

behind from the caudal vein, which bends down when it reaches the

yelk, when it divides and sends a trunk forward along either side of

the latter to join the rudimentary Cuvieriau duct which runs down upon

the yelk in the vicinity of tbe liver where the portal vein anastomoses

with the latter.

The air bladder ah, Fig. 1, does not yet fill up the peritoneal cavity

pp, and the liver L is quite large and lies on the left side. The intestine

is not yet much bent or coiled upon itself.

The auditory vesicle and otoliths are well defined, and the eye and top

of the head are pretty well pigmented.

The lateral line organs, or the neuromasfs of E. Ramsay Wright, are

present at this stage over each muscular segment, as shown by the small

circles nh of Fig. 1. But at a later stage similar organs are found at

the anterior border of the opercles, lodged in depressions of the skin as

shown in section much enlarged in Fig. 20. These last-mentioned ter-

minal sensory disks or neuromasU in the skin over the cheeks appear

to derive their nerve supply from the great fifth pair.

The fins at this stage consist of the pectoral, dorsal, anal, and cau-

dal; the ventral is not yet developed. Eays have commenced to form

in the caudal ; the others do not yet present any well-marked indica-

tions of rays, which only become well defined during the later stages

shown in Figs. 2 and 3, when the ventral first appears as a papilliform

rudiment on either side a little in front of the vent. No sexual differ-

entiation of the anal fin was observed in any of the embryos taken

from the follicles, and it is therefore inferred that such differentiation

occurs during post-foetal life.

The next stage observed is that represented in Fig. 2, which is drawn
from a specimen hardened in chromic acid, and is consequently a sur-

face view. The striking peculiarity which this specimen renders a])-

pareut is the prolongation upwards and forwards of a process of
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the yelk -bag over the opercles at py. In other hardened specimens

this pouch was observed to be prolonged upwards so as actually to

meet its fellow of the oi>posite on the top of the head. In this way it

happens that a sort of girdle is formed by the hollow cornua arising

from the sides of the yelk-sac, which thus surround the head.

The next stage. Fig. 3, is from a living foetus liberated from its fol-

licle. In this specimen the scales were already developed, though the

yelk was not yet absorbed, but was considerably diminished in amount.

The heart still had its venous eud directed downwards, gathering the

blood from the net- work of superficial vitelline capillaries through a

great median ventral vein, the same as in Fig. 1. In a cross- section.

Fig. 15, from a specimen a little more advanced than that represented

in Fig. 3, the dermal pouches in which the scales are developed are

shown at np ; the section has also cut through the more advanced ven-

tral at vt and the anal at a.

A remarkable characteristic of the embryos of Gambusiais to be noted

in the fact that they do not develop continuous fin-folds, but, as shown in

Figs. 1, 2, and 3, the vertical fius at once appear as distinct folds. This

type is therefore not perfectly lophocercal or provided with a continuous

eradiate dorso-ventral fin-fold such as is found in the embryos of Gadus

of the same relative stage of development.

Chondrocranium. —The cartilaginous skull of Gamhusia at about the

stage represented in Fig. 3 is shown in detail in Fig. 21, Plate X. The
brain-box has an incomplete roof; there is a cartilaginous bridge over

the piueal region T cr, and one over the medulla oblangata oc. On its floor

there is wide pituitary interval, as seen in Figs. 21 and 28, into which

the hy[)ophysis Hy, the infundibulum In, and optic nerve II, and crus

ch project downward more or less decidedly. The chorda i)rojects a con-

siderable distance under the hind-brain, as may be inferred from Fig.

10, representing a longitudinal section of its anterior end, the vertebrae

vr, vr being already differentiated with their intervertebral ligaments

Ij I, defined.

The auditory vesicle Ati is covered externally by cartilage, and the

orbit is limited above by an imperfect supraorbital curved cartilagi-

nous bar, below by the pterygoi)alatine and hyomandibular bars. The

nasa! fossa? are limited behind by the cartilagiuous orbito-nasal septum,

below by the rostrum. The hyomandibular Hni is remarkably long

and slender when embraced together with the symplectic Sy. Meckel's

cartilage, Mk, is short ; the glosso-hyal G. Hy is long ; the hypo-hyal,

Hy, nearly globular ; the cerato-hyal, G. hy, wide and somewhat pro-

longed and joined to the hyomandibular by a short interhyal, IR. The
branchiosteges Brs originate in perichondria! membrane, and have no

cartilaginous rudiments. There are five branchial arches, I, II, III, IV,

V, and detached suprabranchial nodules, S. hr. ,

Behind the branchial arches, but more superficially, lies the cartilag-

inous coraco-scapular rudiment Got, iSc, with the cartilaginous plate

from which the actinosts are formed, abutting against it i)OSteriorly,
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The posterior branchial arches support clusters of teeth, which, in

the sections studied by the writer, presented the forms represented in

Figs. 26 and 27. A saccular organ, <?/, was developed from the deeper

layer of the epidermis, in which the conical crown of the tooth, d, is

first formed, as shown in Fig. 26, but with the progress of development

the perichondrium pch, Fig. 27, which invests the cartilaginous bran-

chial bar Br, forms a basal cushion, s, s, s, for each tooth, the conical

crowns d, d, d being evidently articuhited to the summits of these

cushions, which give rise to the so-called cementum plates. It would

thus appear that the crowns of the ])haryngeal teeth, like the dermal

denticles of certain forms, arose separately from the basal parts, which it

is very clear develop later than the crowns in this instance, in intimate

relation to the perichondrium investing the branchial bar, and there-

fore have a deeper origin than the crowns. The saccular organ, df, is

developed from a more or less nearly solid diverticulum of the deep

layer of the epidermis, whibh, in some cases, finally loses its connection

with the latter, and becomes hollowed out interiorly into a cap-like organ

in which the germ of the crown appears.

The branchial filaments in the advanced embryo shown in Fig. 3

already have cartilaginous axes, c, as shown in Fig. 17 ; the base of the

axis of the filament being furcate, and resting astride of the branchial

vein vh, and not quite in contact with the branchial arch bh itself.

These filaments are already pinnate and vascular.

The vertebral column. —The anterior part of this organ has already

been described. The vertebrae are best differentiated anteriorly ; in

the tail the membrane in which the ossification of the centra occurs is

apparent but not so strongly marked as anteriorly. The chorda bends

upward but slightly at its hinder end, so that the urostyle is finally very

short, as shown in Fig. 18.

The ribs are developed in cartilage as a single line of longitudinally

compressed cells, as shown in Figs. 19 and 23 at rb. In the anterior

thoracic region the heads of the ribs are elevated above the level of the

chorda and are embedded in the fibrocartilaginous rudiments sic of the

neural arches, as shown in Fig. 23; posteriorly the ribs have their

heads lowered more and more and assume a more ventral and intimate

relation to the skeletogeuous sheath of the chorda.

The fin-rays of the caudal fin in the most advanced foetuses are al-

ready pretty well developed in membrane, beneath the epidermis ; their

relations to the mesoblast me internally and externally to the malpighiau;

layer si and epilthelium ep being shown in the cross-section repre-

sented in part in Fig. 24, and in Fig. 9 at t.

Visceral anatomy. —The way in which the foetus is coiled up in the

follicle is shown in Fig. 4, in which the process of the yelk-bag 2>y, which

extends upward over the opercles and to the top of the head, is also

shown. In Fig. 9 a section through a follicle with the embryo in place

and cut through at three different points is shown. This section also

shows the open iollicalar pore my with a thickened margin and the fol-
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licular artery /r at the outer border of the thickened edge of the mem-
brane.

The yelk 2/, liver I, intestine i, i.^ i, the air-bladder a&, the Wolffian ducts

Wd, Wd, the aorta ao, chorda ch, muscles of the pectoral pf, &c., are also

shown in Vig. 9, But in order to comprehend the visceral anatomy of

the foetal stages of Gambima, Figs. 5, 6, 7, 23, and 25 are more sat-

isfactory.

These sections will render it obvious once for all that in this form at

least there is no connection whatever of the yelk with the intestine.

That there is a wide space, sc, between the intestine posteriorly and the

vitellus y is plainly shown in Figs. 5, 0, and 7.

The yelk also presents a well-marked periblastic layer, yh, in which

the oil globules are embedded superficially. This peribla.stic stratum

is thickest on the outer surface of the yelk and in the vicinity of ves-

sels, but quite thin where it forms the floor of the abdominal cavity-

In the cross-section. Fig. 5, the periblast sends up a median s^ptumi

which divides the cruder yelk or deutoplasm into two moieties. Super-

ficially the periblast has the vitelline vessels impressed into its surface.,

and in consequence of the fact that I have been unable to find a distinct

cellular wall on their inner or periblastic sides I infer that the yelk is

taken up from the periblast directly by the vessels. The cleavage

cavity is persistent as in other Teleosts, and is apparent on either side

of the vitellus in Fig. 9.

The heart, the details of which are shown in transverse section in

Fig. 8, extends down into the anterior end of the yelk-sac, as shown in

Figs. G and 7, having been first extended into the cleavage cavity, as

indicated in Fig. 13. The most inferior chambers of the heart receive

the venous blood, and all are thin walled except the ventricle ve and

the bulbus aortie ba.. Fig. 6. The heart, as well as the liver and intes-

tine, is more or less impressed into the surface of the yelk.

The oesophagus is somewhat bent upward posteriorly, from which ex-

tremity the air-bladder arises somewhat to one side. The pneumatics

duct is open hi the foetus and is short, leading abruptly into the air-

bladder ah, which is a depressed sac, the floor of which is very much
thicker than the roof. The liver is a very massive organ relatively, and

opens into tbe alimentary canal in the vicinity of its fir.-t turn. A
large i)ortal vessel passes from the liver outwards to the left, as shown

in Fig. 5, and communicates with the vitelline system of vessels. What
seems to represent a pancreas is seen in some sections adherent to the

intestine, as shown in Fig. 6. In the posterior and upper part of the ab-

dominal cavity, behind the intestinal coil, are placed the reproductive

organs o, as indicated iu Figs. 6 and 7; with greater magnifie;i<ion of

that part of a cross-section the reproductive organ or genital folds have

the appearance indicated at in Fig. 25, which shows the organ in its

indifierent stage, when it is quite impossible to tell whether the large

uncleated cflls embedded in it are going to give rise to ova or to sperma-

to;?oa. They lie on either side of the mesenteric suspensor of the intes-
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tine ; are,iu fact, thickened ridge-like swellings of the sides of the mes-

entery.

The renal system lies almost wholly exterior to the abdominal peri-

toneum of the embryo, and is the only organ, with the partial exception

of the air-bladder, which does so. The renal or Wolffian organ of Gam-
busia consists of a remarkably well-developed anterior mesonephric por-

tion |rn, Fig. 7, which is crowded up against the auditory vesicle poste-

riorly and richly supplied with bloodvessels. The pronephros was not
observed, as the stages studied by me were already too far advanced^
but the posterior part of the segmental duct was still essentially pro-

nephric in character, as no segmental tubules opened into it. At the.

hinder aspect of the urinary vesicle al the segmental duct of the one
side joined its fellow of the opposite side, and shortly after opens into

the bladder, which has a distinct outlet, which lies in a line contiuuous

with that of the segmental tubes when the latter are viewed from the

side. In Fig. 23, Pn, a cross-section of the anterior mesonephric organ
of Gambusia is shown, and in Fig. 25 the segmental or Wolffian ducts

Wd.are shown in cross section through the region of the posterior part

of the abdomen.

The brain. —A vertical longitudinal section of the brain of a f(Btus of

Gambusia, which has attained about the development of the one shown
in Fig. 3, is shown in Fig. 28. The cerebellum cer is unusually wide
an tero-posteriorly, resembling in this respect the cerebellum of Amiimis
of about the same age. The oral epithelium is shown in place at oep, and
at Hi there is an involution which seems to represent the last vestige of

the hypophysial pouch from which the hypophysis Hy has been de-

veloped, and from which that structure has bei-ome disconnected.

The muscular system presents nothing essentially different from that

10 be met with in other fish embryos. The so-called lateral dermal mus-
cle Dm, Fig, 23, is distinguishable as a distinct layer of fibers external

to the myotomes m, w, m, but it is remarkable tl|at this muscle still

shows the segmented condition seen in the latter, a feature which it does

not share in common with the dermal muscles of higher animals. It is

therefore seriously to be doubted if it has any very strong claim to be
called a dermal muscle.

The courses of the fibers of the muscles of the body are shown in

Fig. 7, which represents a longitudinal section considerably oif of the

median line.

The muscles of the jiectoral develop as usual on either side of the

coraco- scapular plate cs. Fig. 7, and are probably derived as in the

Elasmobranchs from buds given oft" by the muscular segments above
the rudiment of the girdle. It will be noticed, however, that there are

no muscles developed around or below the yelk-sac, so that there are

no recti-abdominales muscles yet formed, the only investment of the

yelk being the outer epiblastic covering and the deeper mesoblastic one
developed in connection with the vascular net-work which ultimately

unites with the heart anteriorly.
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Conclusion. —The foregoing account greatly expands and finally com-

pletes the history of the development, as far as my materials permit, of

this remarkable form, preliminary notices of which I i)ublished in For-

est and Stream in August, 1881, and in the American Naturalist* for

February, 1882. While this history is still far from complete, especially

as respects the very early stages, we have at least cleared the ground
and prepared the way for further investigations. A number of points

which had been left undecided have been determined. These are the

following :

1. That fertilization of the egg of Gamhusia occurs within tlie ovarian

follicle, the spermatic fluid being apparently introduced into the ovary

or abdominal cavity by the male, which is provided with an intromittent

organ consisting of the anal fin much modified, and that the spermatozoa

find access to the egg through a wide opening in the follicle which

answers to a micropyle, but which may be called the foUicidar pore.

2. That tliere is no evidence, as in the case of Anableps and the

Umbiotocida', that the ovarian follicles are ruptured until the develop-

ment of the young embryos is approximately completed, since the most
advanced foetuses of Gambiisia studied by me have the scales, fins, fin-

rays, and cranium remarkably well developed, even before the yelk is

all absorbed, as it is known that the young are born not a great while

after the stage of development represented in Fig. 3 has been reached.

3. It is also known that little or no nutriment is derived from the

parent, as in Anableps and the Embiotocidw ; or, In other words, that the

embryo of Gambnsia grows entirely at the expense of the material con-

tained in the j; elk-sac, and does not form villi upon the latter nor en-

large after the yelk has been absorbed as in Anableps; neither does the

rectum or hind gut hypertrophy, nor do the fins expand and develop

prolongations of the interradial membranes as in the Embiotocida\

4. As is the case with all viviparous forms, the number of embryos
produced seems to be diminished in correlation with the protection

Avhich the young receive in consequence of their peculiarly complete

development within the body of the parent. The embryos leave the

parent as active little fishes about half an inch in length ; in fact this

fish begins an independent career as far developed as when the shad,

cod, Spanish mackerel, cattish, and many other fishes are from three to

six weeks old. By so much it has the advantage over those species in

the struggle for existence in that it is ready to feed, to pursue its prey

discriminately, as soon as it is born, while the other forms alluded to

are comparatively helpless until some time after they are born ; hence

nature makes up in the fertility of such species for the advantages

enjoj'ed by the viviparous ones, so that finally the chances of the

survival of the two types, which differ so widely in their breeding

habits, are about equal.

* Structure and Ovarian Incubation of Gambusia patruelis, a top-minnow. Am.
^at., 1882, pp. 109-118,
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VI.

—

Habits of Gambusia during the breeding season.

Mr. A. A. Duly has informed me that he lias witnessed the act of copu-

lation and the birth of the young of Gambusia. In coitus the male's head

is turned in the direction of the tail of the female, the prolonged anal fin

seeming to be thrust into the external opening of the ovarian duct or

genital pore of the female, which lies just in advance of the anal tin.

The young when born are stated by Mr. Duly to be about three-

eighths of an inch in length, and to be expelled in a single mass, con-

sisting of eight to eleven young fishes at a single effort. This mass as

soon as it escapes is seen to be composed of the infant Gambusias, which

at once separate and swim away. No membranes seemed to be expelled

together with the mass of young, so that it is probable that in this species

as in Anahleps and the Embiotocidcv the foetuses rupture the follicles in

which they were developed a short time before birth. I say a short time

before birth, because our observations indicate that, unlike Anahleps and

3licr()metrus, the development of Gumhusia is essentially completed

within the follicles, and no yelksac remains outwardly visible when
the young are set free.

My informant also tells me that the parent fishes devoured their

young as soon as they were born if they were not separated, by trans-

ferring one or the other at once to another aquarium. Fright seemed

to hasten or precipitate the parturition, which Mr. Duly tells meactually

took place under such circumstances. He also noticed that more than

one brood seemed to be produced by the same parent consecutively

and during the same season, and he has reason to think that more may
have been produced, as his observations only extended over the latter

part of summer with adults brought from Cherrystone, in August and

September, which he kept in aquaria in the National Museum.

VII.

—

The VIVIPARITY of Fundulus.

On Plate XI, Figs. 29 and 30, I figure two views of another type of

Cyprinodont embryos, viz, Fundulus majalis, also obtained at Cherry-

stone, Va., July 18, 1881. In this case a well-marked zona w^as de-

veloped investing the developing embryo. The oil drops were super-

ficially embedded in the yelk the same as in Gambusia. A great net-

work of vessels surrounded the yelk, as may be seen in both figures;

these spread over the yelk from the two Cuvierian veins which pass

out from the side of the body of the embryo just in front of the pectoral

fin folds, and are gathered inferiorly, as represented in Fig. 30, into a

great median vein which is extended from the venous end of the heart.

A hood is probably formed at the sides of the head of this species the

same as in Gambusia^ as indicated by the vascular membrane at the

sides of the head raised from contact w-ith the yelk, as shown in Fig. 30.

The body cavitj under the axis of the embryo is a deep oval sinus

extending down a little distance into the substance of the yelk, as showi^

in Fig 29, behind the rudiments of the pectoral fliis.


